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0 Epitaxial siiioon layer and method to deposH such. 



0 An in-situ doped n-type silicon layer is provided 
by a low temperature, low pressure cliemical vapor 
deposition process employing a germanium-contain- 
ing gas in combination with ttie n-type dopant con- 
taining gas to tliereby enhance the in-situ incor- 
poration of tlie n-type dopant into tfie silicon layer as 
an electronically active dopant. Also provided are a 
silicon layer including a P-N junction wherein the 
layer contains an n-type dopant and germanium, and 
devices sucfi as tran^stors incorporating an in-situ 
n-doped silicon layer. 
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The present invention is concerned with a n- 
type silicon layer which includes an n-type dopant 
and germanium wherein the germanium is present 
in an amount that does not necessarily result in a 
significant decrease in the band gap of the layer. In 
addition, the present invention is concerned with a 
nnethod for epitaxially depositing an in-situ doped 
n-type silicon layer onto a substrate, arKi is particu- 
larly concerned with a low temperature, low pres- 
sure chemical vapor deposition method. The 
present invention is also concerned with deposited, 
in-situ doped n-type silicon layers obtained by the 
process of the present invention. 

The current desire in the electronics industry to 
provide high performance integrated drcuitry of 
reduced dimensions has created a tendency to 
employ lower processing temperatures. For in- 
stance, the dimensions of device layers deposited 
by silicon epitaxy at the more typical temperatures 
employed, for instance, temperatures greater than 
about 1000* C. are fixed at values greater than the 
diffusion length of dopants out of the substrate onto 
which the silicon is deposited. For Instance, such 
dimensions are typically on the order of a micron 
or more. However, the production of thin epitaidal 
films of silicon having abrupt ami arbib^ dopant 
profiles is vital in device and circuit fabrication, and 
particularly in applications sudi as scaled-down 
bipolar and CMOS VLSI circuits and processes. 

Various attempts at achieving lower processing 
temperatures were not especially successful be- 
cause of a number of problems that need to be 
overcome before reduced temperatures such as 
those below about 800* C could be used. For in- 
stance, at such reduced temperatures, the number 
of epitaxial defects can increase markedly. Also, at 
such relatively low temperatures, dopant atoms do 
not have sufficient mobility to find electrically active 
substitutional sites in the silicon lattice. 

However, various ones of these problems have 
been overcome and the ability to employ relatively 
low temperatures of 800 *C and less has been 
realized by employing ultrahigh vacuum as dis- 
closed for instance by Meyerson, "Low-Tempera- 
ture Silicon Eptaxy By Ultrahigh Vacuum/Chemical 
Vapor Deposition", Applied Physics Letters 48 (12), 
pp. 797-799, March 24, 1986, IWeyerson, et al.. 
"Low Temperature Silicon Epitaxy By Hot Wall 
Ultrahigh Vacuum/Low Pressure Chemical Vapor 
Deposition Techniques: Surface Optimi2ation", 
Journal ^ the Electrochemical Society . Vol. 133, 
No. 6. June 1986 and Srinivasan, et al., "Current 
Status of Reduced Temperature Silicon Ef^taxy By 
Chemical Vapor Deposition", Electrochemical Soci- 
ety , Soft Bound Proceeding Series, Penington, New 
Jersey, 1985. 

In addition, a particularly effective process em- 
ploying low temperature and tow pressure chemical 



vapor deposition of epitaxial silicon is disclosed in 
U.S. Patent applications Serial Nos. 906,854 filed 
September 12, 1986 and 342,630 filed April 9, 
1989. disclosures of which are incorporated herein 

5 by reference. Although this process is especially 
effective for producing quality epitaxial silicon lay- 
ers, such coufd still stand improvement with re- 
spect to the amount and uniformity of the in-situ n- 
type dopants provided. In particular, the deposition 

to of in-situ doped n-type epitaxial silicon films is 
especially difficuh at the lower processing tempera- 
tures of about 800 'C and less. This difficulty ar- 
ises from the failure of the n-Jype dopants such as 
phosphorous and arsenic to bond subslitutionally 

IS into the silicon lattice. 

Moreover, additional complications arise from 
the time varying nature of phosphorous incorpora- 
tion, where the quantity of phosphorous bound into 
the film in any coordination is a strong function of 

20 deposition time. This effect can be seen in Rg. 1, 
where a constant flow of phosphine into a 550* C 
ultrahigh vacuum/chemicai vapor deposition reactor 
results in a continually increasing phosphorous 
content in the film. Ftirthermore, electrical analysis 

25 of these layers shows that the phosphorous is 
electrically Inactive and therefbra ineffective as a n- 
dopant 

Accordingly, It is a primary object of this inven- 
tion to provide an improved technique for low tem- 
30 perature deposition of in-situ n-doped silicon. 

!{ is another object of this invention to provide 
enhanced n-type doping in a silicon film deposited 
by ultrahigh vacuum chemical vapor deposition 
(UHVCVD). 

35 it is another object of this invention to provide 
an improved low temperature technique for 
fabricating silicon devices containing al least one 
pn junction. 

It is another object of this invention to provide 
40 structures including a silicon layer therein which 
are n-doped as deposited, without the need for 
additional steps such as annealing to make the 
dopants electrically active. 

It is another object of this invention to provide 
45 improved silicon products containing n-type dop- 
ing, by the methods of this invention. 

It is another object of this invention to provide 
an UHVCVD process that allows in-situ n-type dop- 
ing of depoated silicon films, over a wide range of 
50 doping levels. 

!t is still another object of this invention to 
provide a metiiod for and device having abrupt n- 
type dofi^ng profiles. 

It has been found in accordance with the 
55 present invention that n-type dopants can be incor- 
porated into a silicon film as electrically active 
impurities at temperatures well below those which 
were previously believed necessary for such pur- 
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pose. In particular, the present invention makes the 
fabrication of in-situ deposited pn and np symmet- 
ric junctions possible, which in turn allows the 
fabrication of any silicon based device. TTie present 
invention nial<es it possible to control the quantity 
of the n-type dopant to thereby provide dopant 
unifonntty. Dopant uniformity is a critical require- 
ment for the high quality devices presently being 
demanded in ihe electronics industry. 

In particular, one aspect of the present inven- 
tion is directed to a method for depositing an in- 
situ dc^ed n- type silicon layer onto a suliistrate. 
The method includes providing the substrate in a 
chemical vapor deposition reactor zone. The tem- 
perature in the chemical vapor deposition zone is 
about 800 ' C or less and the base pressure in the 
reactor zone is an ultrahigh vacuum that is less 
than the parliat pressures of any contaminants 
present in the chemical vapor deposition zone. 

A gas-containing silicon is introduced into the 
reaction zone for the deposition of silicon on the 
substrate alons with an n-type dopant-containing 
gas and a germanium-containing gas. The 
germanium-containing gas is present in an amount 
that is effective for enhancing the In-situ incor- 
poration of the n-type dopant into tlie silicon layer 
as an electronically active dopant. 

A further aspect of the preserrt invention is 
concerned with products obtained by the above 
defined process, where such products are not ob- 
tainable with any other process at temperatures 
less than 750 'C. 

Furthermore, the present invention is con- 
cerned witti a silicon layer, preferably epitaxial, that 
can be included in a comptefe NPN or PNP tran- 
sistor, which layer includes an n-type dopant and 
germanium. The germanium is present in the sili- 
con layer in the amount of about 1 to about 35 
atomic percent. 

Rg, 1 illustrates the effect of doping with 
phosphorous according to prior art ul- 
trahigh vacuunVchemical vapor depo- 
sition reaction. 
Rg. 2 illustrates the affect of employing ger- 
manium in combination with the n- 
type dopant pursuant to the present 
invention. 

Rg. 3 is a cross-sectional view of a double 
epitaxial, double heterojunction PNP 
transistor illustrating a device made in 
accordance with the present invention. 
It has been found pursuant to the present in- 
vention that the inclusion of relatively minor 
amounts of a germanium-contaning gas in the in- 
put gas in an ultrahigh vacuum/chemical vapor 
deposition UHVCVD reaction for forming an in-situ 
doped n-type (epitaxial) silicon layer results in the 
incorporatton of stable and defined amounts of 



electrically active n-type dopant In the silicon film. 

The surprising effect achieved by the present 
invention is demonstrated by a comparison of Fig. 
1 with Fig. 2. In particular, Rg. 1 represents prior 

6 art whereby a constant flow of phosphine into a 
550 "C uflrahigh vacuum/chemical vapor deposition 
reactor results in a continually increasing phos- 
phonaus content in the silicon film. Electrical analy- 
sis of these layers shows that the phosphorous is 

TO electrically inactive. 

Rg. 2 and that portion of Rg. 2 identified as 
portion 2A substantialty repeats the above process 
for the first 1500 angstrans of film growth whereby 
the same phenomena occurs as described for Fig. 

IS 1. On the other hand, that portion of Fig. 2 iden- 
tified as portion 2B demonstrates the effect when a 
relatively small amount (i.e. - about 7 atomic per- 
cent) of a germanium-containing gas (such as ger- 
mane) is cncfuded along with the phosphine in the 

20 input gas. The results demonstrate that the phos- 
phorous content Is increased to a stable value 
where it remains. Moreover, electrical analysis of 
this layer establishes that the phosphorous is fully 
activated. 

26 As is apparent from portion B of Fig. 2, the 
onset of n4ype dop^t incorporation is extremely 
abrupt when the Ge-containing gas is introduced 
into the reaction zone. Even though the phosphine 
gas has been continually introduced, the incor- 

30 poration of P as a fully electrically active dopant 
species does not occur, especially at high doping 
levels in excess of 10'^ atoms/oc until the Ge- 
containing gas is introduced into the reaction zone. 
At this time, the phosphorous dopant is incor- 

39 porated in the proper substitutional sites in the 
silicon lattice as fully electrically active dopants. 

FcH* the low temperature (less than 750 'C) 
depoalion of silicon, gaseous sources are required 
which wilt pyrolize at low temperatures. Typically, 

40 these will be gaseous sources containing hydro- 
gen, such as silane (SiH*). As a by-product of the 
decomposition of the growth species, H atoms can 
appear on the growth interface. Additionally, phos- 
phorous acts as a poison for growth in that the P 

45 can tend to form clusters of Pa on the silicon 
growth surface. When the phosphorous is present 
as clusters, electrically active dopants will not be 
produced in the proper sites in the silicon lattice. 
Also, these phosphorous clusters can hold H atoms 

50 on a silicon surface, as the P-H bonds are very 
strong. This tends to further Inhibit both silicon 
growth and incorporation of fully electrically active 
n- dopant species. 

It is believed that the presence of Ge aids in 

55 the desorption of H atoms from the growing sur- 
face, thereby allowing the n-dopant to go directly to 
a substitutional site in the lattice where it is fully 
electricaiiy active as a dopant However, the pres- 
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ence of Ge may still be helpful in the incorporation 
of n-dopant species even if hydrogen atoms are 
not present on the silicon surface, by enhancing 
the solubility of the n- dopant into the silicon at low 
temperatures. The net effect is that the presence of 
Ge increases the effective solubility of these n- 
dopants into silicon. 

As noted, the presence of Ge is particularly 
important for low temperature n-doping of silicon, 
sine© it allows the in-siUi inoorporatian of fully 
electrically active dopants. It also leads to an 
abmpt turn-on of doping activity tiier^y leading to 
the formation of very sha^ pn /unctions. The use 
of Ge in this manner is particularly applicable to 
chemical vapor deposition processes, but is also 
applicable to other processes utilizing gaseous 
sources. For example, vapor phase epitaxy using 
chemical vapor deposition or molecular beam efM- 
taxy <MBE) with gas sources are examples of pro- 
cesses that can be used. 

The use of a germanium-containing gas to 
achieve the results obtained by the present inven- 
tion was not at all apparent from any prior art In 
fact, to use germanium as a doping enhancement 
in heavily doped n-typ© material is contriB7 to prior 
uses of gemnanium whereby such is employed in 
the fabrication of bipolar transistor bases whose 
band gap is to be decreased. Although a reduced 
band gap is desired for the base region, most 
heavily doped n-typa material is employed in the 
emitter of these devices (NPN). where an increase 
in band gap is desired. However, the amounts of 
the germanium used in the present invention are 
small enough that the primary band gap reduction 
mechanism is the presence of the n- type dopants 
at relatively high levels instead of the effect of the 
germanium. Accordingly, the germanium is present 
in this invention in an amount that is both effective 
for enhancing the in-atu incorporation of the rHype 
dopant into the silicon layer as an electronically 
active dopant, but less than that vt^ich would restilt 
in a significant decrease (e.g. - a decrease more 
than 100 meV) in the band gap in the device 
obtained. According to preferred aspects of the 
present invention, in a NPN transistor, about 1 to 
about 35 atomic percent of germanium is intro- 
duced in the case of a base and about 1 to about 
20 atomic percent of germanium is introduced in 
the case of an emitter, and most preferably about 5 
to about 20 atomic percent in the case of a base 
and about 2 to about 15 atomic percent in the case 
of an emitter. 

The germanium-contairting gas employed can 
be any germanium gas such as the germanium 
hydrides and preferstoiy germane (l.e. - germaniim 
tstrahydride) Another suitable gennanium-contain- 
ing gas is germanium tetrachloride. 

The n-type dopants thait can be employed are 



well known in the prior art and need not be de- 
scribed herein in any great detail. However, the 
preferred n-type dopants are phosphorous, arsenic, 
and antimory. The phosphorous- containing gas 

5 employed can be phosphtne or POCh with 
phosphine being most preferred due to its de- 
composition at low temperatures. Suitable «H'senic- 
containing gases include arsine or AsCh. A suit- 
able antimony gas is SbHa. 

ro The level of the n-^e dopant in the silicon 
layer can vary over a wide range but generally is 
about 1 X 10^* to about 1 x Itf" atoms per cm*. 
The doping level is determined based on the de- 
sired device characteristics. 

15 The silicon source gas for the deposition of 
silicon is not especially critical and can be any of 
the silicon source gases i«nown in the art such as 
siiane, higher order silanes including disilane 
(SisHc), and chlorosilanes such as SiCU, SiHzCb, 

20 SiHCIs, and SiHsCI. 

It is recognized that heterojunction bipolar tran- 
sistc»-s (HBT) have been fabricated in the art in 
both npn and pnp form. In pnp HBTs, a silicon 
base region is used in which Ge is present. Ge is 

2S used therein to decrease as much as possble the 
band gap of the base region in order to enhance 
operation of the transistDrs. However, those devices 
are generally made In a process wherein thermal 
diffusion, ion implantation or high growth tempera- 

30 tures are used to place the n-dopant species and 
6© in the base region. High temperature steps, 
such as themnal diffusion and high temperature 
annealing or high grovrth temperatures are used to 
electrically activate the dopant species. Thus, in 

35 prior implanted pnp HBT's, the Ge is not intro- 
duced at the same time the rKype dopant is intro- 
duced in ttie base laya*. in further distinction with 
the present invention where Ge and the n-dopant 
are present at the same time in the reaction zone. 

40 In deposited devices Ge and the dopant Sb are co- 
deposHed at high growfli temperahires to activate 
the dopant, Sb. The Ge used in the present inven- 
tion need not be used to significantly alter the band 
gap of the n-type silicon layer, but instead to 

45 enable full electrically active incorporation of n-type 
dopants in-situ. This creates very abrupt dopant 
profiles, and therefore enables the fabrication of 
very narrow structures. 

Accordingly, in the practice of the present in- 

50 vention, the product obtained by the inventive pro- 
cess described herein is unique in its properties 
and can be used to provide advantageous devices, 
such as transistors. In bipolar transistors, it is desir- 
^le to have highly doped emitter regions where 

55 the band gap of the emitter is not appreciably 
reduced. Further, the emitter need not be single 
crystalline, since the strain produced in a single 
crystalline material can reduce the band gap of the 
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emitter. By the use of this invention, n-typ© emitter 
layers can be produced with the desired doping 
levels and band gaps. 

In heterojunctlon bipolar transistors using Si-Ge 
layers, it has been ttie case in the prior art that 
high temperatures have been required to incor- 
porate sufficient quantities of electrically active 
dopants. However, high temperatures affect Sl-Ge 
layers, causing them to relax by forming defects 
(dislocations) which in turn adversely affect device 
operation. The present invention avoids this prob- 
lem by enhancing the incorporation of fully elec- 
trically active n-dopants at lowr temperatures with- 
out leading to defect formation. 

The prefen-ed apparatus as weil as process 
parameters for carrying out the improved process 
of the present invention are those employed in U.S. 
Patent applications Serial Nos. 906.854 and 
07^42,630 disclosures of which are Incorporated 
herein by reference. For instance, the apparatus 
employed is preferably a fml wall, isothermal 
ctiemlc^ vapor deposition apparatus of the type 
shown in said U.S. applications Serial Nos. 906,864 
and 342,630. Device quality epitaxial silicon layers 
can be deposited with this apparatus. 

The deposttlOTi temperatures employed are 
about 300' C to about 800* C vwth the preferred 
temperatures being about 450* C to about 750 'C 
and the most preferred being about 500* C to 
about 550" C. 

The base pressure employed is less than 
about 1 0~^ Torr and preferably less than about 1 x 
10"' Torr. The apparatus enfiployed is a flow sys- 
tem in which the source gases (silicon source gas, 
n-type dopant source gas and germanium source 
gas) are injected a one end and high- speed 
pumps operate at m other end, there being a load 
lock to eliminate contamination upon loading of the 
substrates prior to d^osition. The system typically 
operates in a molecular flow regime where the total 
operating pressure of the source gases is less then 
several hundred m Torr during deposition. While 
the preferred total operating pressure of the source 
gases during deposition is about 10"* to about 
10~* Torr, source gas pressures up to several 
hundred millitorr tray be possible when very low 
growth temperatures of less than about 500*0 are 
used. 

Accondingly, the present inventic»i enhances 
the incorporation of n-type dopants Into epitaxial 
silicon and provides for such to be incorporated as 
electronically active species without any additional 
steps, such as high temperature annealing and 
high temperature deposition as required in prior art 
techniques. 

Fig. 3 is a cross-sectional illustration of a dou- 
ble epitaxial double heterojunction PNP transistor 
in which both the base and emitter regions are 



formed by low temperature epitaxy using the afore- 
mentioned UHV/CVD process. A two-step epitaxial 
process is used wherein low temperature epitaxy is 
used to form the base region and another low 
s temperature epitaxy step is used to form the emit- 
ter region. 

In the formation of the transistor of Rg. 3, the 
base region is heavily doped (pho^hoais 
10"cm-3) SiGe film. Advantage is taken of the 

10 epitaxial base technotogy because the thermal cy- 
cles following the base deposition, which can cause 
dopant diffusion and relaxation of highly strained 
layers, are eliminated. As will be seen, the insulat- 
ing layers are formed by plasma enhanced CVD 

J5 and the emitter region is formed by low tempera- 
ture epitaxy, thereby limiting the temperature after 
base deposition to 550* C and lower. 

The transistor 10 is a non-self aligned structure 
that is used to illustrate low temperature processing 

30 technology in accordance with the present inven- 
tion. Transistor 10 includes an extrinsic base poly- 
silicon region 12 and an ion implanted colleciOT 
region 14. Emitter 16 is also a low temperature 
epitaxial layer. A field oxide layer 18 overlies the p- 

25 type substrate 20. Plasma enhanced CVD is used 
to produce oxide layers 22 and a nitride layer 24. 

Reference is made to D.L. Harame, et al. 
lEDM, pp. 889- 890 (1968) and Q.L Patton, et al., 
VLSI Symposium, pp. 95-96 (1989) for discussions 

30 ' of a non-self aligned structure and method. The 
extrinsic base poiysilicon 12 is patterned and 
etched to form a second, smaller window inside the 
opening in the field oxide 18 (the non-self aligned 
opening), through which boron is implanted and 

35 annealed to increase the collector doping concen- 
tration in ion implanted colleotDr 14. The intrinsic 
. base 26 is grown by UHV/CVD low t«nperahire 
etdtaxy at 550* C, as detailed by 6.8. Meyerson, et 
al., Appl. Phys. Lett., Vol. 50, p. 113 (1987). 

40 Thermal quality oxide layers 22 were deposited 
at 350 *C using plasma enhanced CVD. An emitter 
opening was then defined and etched within the 
non-self aligned opening and the single crystal 
emitter 16 was deposited by UHV/CVD al 550° C. 

45 As an alternative structure a NPN transistor can 
be made using the same process as that used to 
make the tratsistor of Fig. 3, the only difference 
being that the conductivity types are interchanged. 
As a consequence of the present invention, 

50 enhanced N-type doping is obtained, which allows 
wafer scale integration to be achieved. Since the 
uniformity of N-type doping concentration is ex- 
tremely uniform across the wafer, integrated cir- 
cuits can be made using all NPN or PNP devices, 

S5 as well as with circuits including complementary 
devices. For example, a silicon wafer including a 
large number of integrated circuit chips can be 
processed at one time witti excellent uniformity of 
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device properties across the wafer, tn particular, 
integrated silicon heterojunction bipolar transistors 
can be wafer scale integrated. 

Thie following non-limiting example is present- 
ed to further illustrate the present invenfon. 

EXAMPLE 

An n-type epitaxial silicon layer is deposited 
onto a substrate by introducing SiH» at about 20 
seem (standard cubic cms per minute), QehU at 
about 0,2 scorn, and 100 ppm PHa in He at about 4 
seem at a temperature of about 550* C and total 
growth pressure of about 1.4 m Torr. Ttie results 
obtained are illustrated in portion 2B of Rg. 2. The 
layer illustrated in portion 2B showed an n-type 
carrier density of afc>oul 4 x 10" electrons/cm' 
establishing full electrical activaticn of the phos- 
phorous dopant present. 

While the invention has been shown with re- 
spect to the embodiments described herein, it will 
be apparent to those of skill in the art that vari- 
ations can be made therein without departing from 
the spirit and scope of this invention. For example, 
tnd exact operating parameters of the UHVCVO 
process descrflsed in the cited co-pending applica- 
tions can be varied, and the silicon layer need not 
be epitaxial, althougti epitaxial deposition is often 
preferred. While themnal CVD systems are de- 
scribed in those cited co-pending applications, oth- 
er types of excitation (plasma, etc.) mil be recog- 
nized by those of skill in vapor deposition tech- 
niques as being suitable. Further, the degree of 
epitaxy is known to vary and need not be 100% 
lattice matching. Still further, the use of these sili- 
con layers, having enhanced n-type doping, is not 
limited to any particular device, but can be used in 
bipolar transistors, diodes, Schottky banrier de- 
vices. FEPs, etc. 

Claims 

1. A method for depositing an in-situ doped n- 
type silicon layer onto a substrate which com- 
prises 

providing the substrate in a chemical vapor 
deposition reaction zone wtierein the tempera- 
ture in said reaction zone is about 800*0 or 
less and the base pressure in said zone is an 
ultrahigh vacuum; ar>d 

introducing a gas containing silioon Into said 
reaction zone for the deposition of silicon on 
said substrata, and simultaneously ttierewith 
introducing an n dopant-containing gas and a 
germanium-containing gas in an amount effec- 
tive for enhancing the in-stu incorporation of 



said n-type dopant into said silicon layer as an 
electronically active dopant 

2. The nrathod of claim 1 wherein said tempera- 
5 ture is about 300 * C to about 800 ' C. 

3. The method of claim 1 or 2 wherein said base 
pressure is less than about 10~* torr. 

10 4. The method of anyone of the claims 1 to 3 
wherein ttie total operating pressure during de- 
position is about 10-2 to about 10"* ton-. 

6. The method of anyone of the claims 1 to 4 
T5 wherein said n-dopant containing gas is a gas 
cont^ning phosphorous or arsenic, antimony 
or mixtures thereof. 

6. The method of anyone of the claims l to 5 
20 wherein said n-dopant containing gas is 

phosphine or POCI3 or PCta. 

7. The method of anyone of the claims 1 to 6 
wherein said germanium-containing gas is a 

25 germanium hydride, especially germanium 
tstrahydride. 

8. The method of anyone of the claims 1 to 7 
who-ain atiout 1 to about 35 atomic percent of 

30 germanium is produced in s»d deposited sili- 
con layer. 

9. The method of anyone of the claims 1 to 8 
wherein said gas-containing silicon is selected 

35 from the group of silane, higher order siianes, 
chlorosiianes, and mixtures thereof. 

10. A transistor structure including a P-N junction 
containing a silicon layer wherein said layer 

40 contains an n-type dopant and gemnanium in 
an amount of about 1 to about 35 atomic 
percent based upon the total of the n-type 
dopant and germanium. 

45 11. The transistor structure of claim 10 including at 
least one emitter-base p-n junction therein, 
said stmcture comprising: 

a first silicon base layer having p-type con- 
so duciivity, and 

a second silicon emitter layer hawng n-type 
conductivity, said second silicon layer contain- 
ing Qe in an amount less than that which 
£5 wcuM decrease the band gs^ of said second 
silicon emitter layer by an amount in excess of 
about 100 meV. 



12. The structure of ciaim 11, where said Ge is 
present in said second silicon emitter layer in 
an amount of about 1-35 atomic percent. 

13. The structjre of ciaim 12, where said second 5 
silicon emitter layer is an epitana! layer. 

14. The transistor structure of anyone of the clatins 
10 to 13 wherein said emitter contains Ge and 

is doped to a level greater than about 10^^ io 
can1ers/cm3. 
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0 Epitaxial silicon layer and method to deposit such. 



@ An in-situ doped n-type silicon layer is provided 
by a low temperature, low pressure chemical vapor 
deposition process employing a germanium-contain- 
ing gas in combination with the n-type dopant con- 
taining gas to thereby enhance the in-situ incor- 
poration of the n-type dopant into the silicon layer as 
an electronically active dopant. Also provided are a 
silicon layer including a P-N junction wherein the 
layer contains an n-type dopant and germanium, and 
devices such as transistors incorporating an in-situ 
n-doped silicon layer. 
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